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Flexible Manufacturing in Germany 


95WS0063A Duesseldorf VDI-Z in German 
Sep 94 pp 40-57 


[Article by Stefan Breit, Thomas Paul Doerken, Ludger 
Laufenberg: ‘Flexible Manufacturing”; Subhead: “Annual 
Survey of Specialized Fields” } 


[FBIS Translated Text] Aachen—This annual survey pre- 
sents, in turn, a review of the developments in the field of 
flexible manufacturing over the period of the report. It 
introduces innovations, especially in systems components, 
and analyzes the results of money-saving automation. This is 
done in the context of ongoing technological developments in 
this sector and cross-organizational concepts in production. 
The authors’ primary concern is to furnish a representative 
overview of the current status of the debate on the indicated 
subject areas on the basis of numerous domestic and interna- 
tional publications. 


[Pagenote] 


The last annual survey on this topic appeared in two parts in 
VDI-Z 135 (1993), No. 9, pp. 57-71 and No. 10, pp. 52-63. 


1. Starting Situation 


Manufacturing is the core of internally generated efficiency 
and a key to sustained assurance of competitiveness. That is 
why efforts at streamlining are intensively focused on this 
sector. New manufacturing technologies, advancing auto- 
mation and the integration of the entire industrial arena are 
activities to augment the economics of manufacturing. Such 
activities are closely linked with the conditions on which 
production occurs. High job costs, short job times and many 
other on-site factors directly impacting production costs 
disadvantage production in Germany vis-a-vis production 
in other countries. 


Because of this situaiion, manufacturing concepts were 
developed in the past that especially allied efficient produc- 
tion technologies with an extremely high level of automa- 
tion. On the one hand, over the past decade the efficiency of 
machine tools was significantly increased. For example, the 
technological ability to realize multi-axis tracks of motion 
led to complete processing of work pieces on a single 
machine. Operations that currently can be performed on a 
single machine, just a few years ago required a number of 
specialized machines. In the endeavor for additional 
increases in efficiency, parallel, multi-spindle and simulta- 
neous processing across multiple axes were introduced. On 
the other hand, the machines have been increasingly inte- 
grated into flexible systems having automated supply and 
disposal as well as extensive control technology. On the 
basis of technological developments it was possible using 
such production concepts to lower scale back production 
times and offset increasing additional costs [1]. 


The driving forces behind this development were high job 
costs and short job times. Despite costly capital servicing for 
plant znd equipment, personnel costs continue to be upper- 
most in investment decisions. Even in highly developed 
plants the percentage of personnel costs in production costs, 
excluding material, at present still continues to be nearly 70 
percent. That is why there is an effort to keep reducing the 
percentage of personnel costs. More creative job features 


have increasingly shifted to the indirect sector of planning 
and control. In the meantime, fewer and fewer well-trained 
engineers and technicians can be found on site in the 
workshops. This has been, in principle, a counterproductive 
development, although the complex and highly developed 
systems require sizable technical competence to be able to 
wring the utmost out of existing reserves of efficiency and in 
this way guarantee maximum use of existing capacity [1]. 


On the basis of such defining conditions, manufacturing 
systems have emerged whose complexity can no longer be 
mastered. In the current market situation their high costs 
are putting companies under considerable pressure [1]. 


2. Organization, Factory Structures 


Modern job and organizational design are characterized by 
process orientation, taking specific account of the demands 
of customers and employees. This is to be construed as a 
deliberate rejection of the current technical orientation in 
production design. Concepts like lean production, steady 
improvement process (KVP), total quality management 
(TQM) or zero-defect production arc based on the idea of 
process orientation. The broad dissemination of such con- 
cepts suggests the existing potential for streamlining and 
requirement for action in job and organizational design [2]. 


Job positions and job operations are designed to optimize 
the ratio of value-creating to nonvalue-creating activities. 
Hitherto separated corporate functions are technically and 
Organizationally integrated. With such measures, the 
routing of material is shortened, job positions are directly 
provided and arranged so that immediate communication is 
realized. Costly transport systems are replaced with simpler 
ones. Concomitantly, new organizational formats are intro- 
duced. Team work activity, autonomous control, decentral- 
ized responsibility for quantities, deadlines, quality, costs 
and inventories are symbols of the changes [1]. 


The concept of decentralization yields clear units of reduced 
complexity in production. Autonomous and self-organizing 
production segments emerge. As a result of such segmenta- 
tion the groundwork is laid for reducing and mastering the 
complexity of the production processes. Crucial to success 
in this central sector—and therefore for the success of the 
entire process also—is the professionalized labor of human 
beings. 


3. Systems Components 


Decentralization entails modified production structures. 
Clear, scaled-back production segments are created. As a 
result of this reorientation, appropriate machine designs are 
required. New machine tools and systems components, for 
example, innovative lathes, highly integrated machining 
centers or optimized tools, have been developed. This 
annual review introduces innovations and further develop- 
ments in technologies and machine components over the 
period of the report, May 1993-April 1994. Therefore it first 
describes the hollow shaft motor, vertical lathes and hori- 
zontal lathes with counter-spindle. Next it looks at multi- 
spindle and heavy-duty lathes, simplified lathes and modu- 
lar-design lathes. Vertical and horizontal centers are 
introduced in the machining centers, fullowed by low-cost 
machining centers. It examines in detail high-precision and 
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high-speed machining by means of milling. A description of 
the status of technology for multi-path automated 
machinery, lasers, tools and gripping devices concludes the 
section on systems components. 


Integrated hollow-shaft motors were heavily integrated into 
lathes during the period of the report. This drive design 
replaces the traditional drive-hank of motors, gears and 
drive belts with a rotor of the tliree-phase current a ynchro- 
nous drive motor seated on the main shaft. Integrated 
hollow-shaft motors afford not only the users but also the 
producers new engineering and money-saving alternatives. 
The advantages of this new drive technology include a 
wholly simpler machine design, significantly reduced design 
space in the drive assembly and reduced assembly cost as a 
result of preassembly of the subassemblies. In the future it 
will be possible for machine manufacturers to purchase 
more complete spindle units. The discontinuation of 
mechanical transmission elements reduces rotor weight and 
in terms of comparable efficiency enables shurter run-up 
and slow-down times leading to shorter nonproductive 
times and therefore to increasing efficiency. The direct 
impact of the motor on the spindle simplifies the control 
dynamics. What is more, vibrations resulting from the gears 
and drive belts of conventional drives are canceled out. 
Compared to conventional drive technology the advantage 
of this is the higher torsion-proofing of the entire drive 
hank. Workpiece quality increases correspondingly. 
Together with the still necessary shaft encoder, this enables 
C-axis operation on lathes without any added expense. In 
the absence of typical working parts, such as gear compo- 
nents, it is possible for maintenance costs to be reduced. The 
drawback to the hollow-shaft motor is that, should there be 
a defect in the motor, spindle or bearing, the entire unit has 
be to exchanged. The motor’s efficiency increases with the 
volume it finishes and for that reason it is currently limited 
because of the mounting situation to torques of approxi- 
mately 400-500 Nm [Newton meters] (in the case of slow 
spindles even up to 700 Nm) [3]. 


Vertical lathes are often fitted with hollow-shaft drives. If 
workpiece motion in the Z-axis is called for, the compact 
design enables the complete spindle head easily to traverse 
vertically. The spindle uses “pick-up” to grip the work- 
pieces, for example, from a revolving conveyor belt. In this 
manner it is possible to realize self-loading machines minus 
conventional loading systems. This spindle design has been 
around for a number of years now; still, at the EMO [World 
Machine Tool Fair] 93 in Hannover, a rather sizable 
number of manufacturers displayed such vertical lathes for 
the first time [3]. 


{Photo caption} 


Photo 1. Vertical lathing center with traversable spindle unit 
for picking up workpieces from the conveyor belt. 


Scherer Precision Design Incorporated [GmbH] introduced 
its vertical CNC [computerized, numerically controlled] 
lathing center VDZ 200, Photo 1. The machine’s main 
spindle does the machining in the working area and 
traverses out of it to load and unload the workpieces from 
the working area. The machine can be simply linked with 
other machines into a production line. Other vertical lathes 
were displayed by J. G. Weisser Sons Machine Tool Factory 
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with the Univertor M-1 [4], Hessapp GmbH with its DVH 
25 and EMAG Machinery Works GmbH with its VSC line 
[3]. Because of its design features the VSC allows cost- 
effective “in-process sample measurements” during 
machining. The measurements are effected on the basis of 
programmable cycles using a maneuverable measuring 
caliper. 


In the case of the Index-Werke GmbH & Co., KG’s [Limited 
Partnership's] Ratio-Line V 200 vertical lathes, the work 
spindle is designed as a traversable motor spindle in two NC 
[numerically controlled] axes with quick traverse speeds up 
to 30 m/min [meters/minute], meaning that speedy job 
sequencing and brief nonproductive times are feasible. The 
freely accessible machining area permits the integration of 
additional devices, for instance, for laser hardening and 
measuring and affords adequate space for automating the 
workpiece flow in a simple manner using off-the-shelf 
conveyor gear. 


Hessapp GmbH’s DV-Transfer self-loading machine has 
two motor spindles. One spindle is attached to the first 
carriage; the turret is solidly affixed to the foundation plate. 
The second carriage is equipped with a second tool turret. 
The first turret picks up the workpiece needing to be 
machined from the conveyor feedbelt. After machining, the 
workpiece is handed off to the second spindle by the first 
spindle. It in turn hands off the workpiece to the conveyor 
discharge belt by a loading chuck [4]. 


Vertical lathes require no additional loading devices, since 
the spindle is able to traverse from the working area with 
gripped workpiece. In this way, complex production lines 
can be assembled quite simply and operated with high 
efficiency. 


Easy traversability of the motor spindle unit is also an 
advantage in the case of horizontal lathes with counter 
spindle. Yamazaki Mazak GmbH’s Multiplex design series 
machines have two identically designed horizontal motor 
spindles opposite one another for complete machining. The 
workpiece can be handed off during the operation with no 
slow-down during the interval. The field-oriented control of 
the motor spindles renders this feasible [3]. 


Hitachi-Seiki also offers a dual-spindle lathing center with 
motor spindles for complete machining. The TriCELL is 
equipped with three tool turrets and is appropriate for 
simultaneous machining on two spindles. The third turret 
alternatively supports machining on the left or on the right 
spindle. As a result it is possible through equalization of the 
machining time for the total time to be considerably short- 
ened. The C-axis tool drive is available for turret one and 
two. 


Horizontal lathes having a conventional drive are also 
suitable for complete machining. In previous years such 
machines have under many detailed improvements. Emco 
Maier GmbH & Co. KG’s Emcoturn 465 is a complete 
machining tool having two turrets and a counter spindle. 
The work cycles needed for complete machining can be 
distributed on two spindles. Each one machines with a 
twelvefold turret whereby all stations can receive driven 
tools. The main spindle is supplied with unmachined parts 
from a palette table that is offered as an option and can be 
tailored to customer specifications. The palette device holds 
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a measuring machine for performing SPC [stored program 
control], quality control and process monitoring. 


Traub AG also equipped its DNC [digital numerically 
controlled] 30 DGY lathing/milling center with a counter 
spindle. Virtually all available workpiece shapes can be 
produced with two tool turrets and an extensive assortment 
of tool holders for stationary lathes as well as driven drills, 
counterbores, taps and milling cutters of the most diverse 
design. To further enhance flexibility a laser has been 
developed that is integrated in the machine tool’s working 
area without impacting the other possible functions and can 
be used as a turret tool. Besides metal-cutting machining it 
also enables partial hardening, marking or welding in the 
working area. 


Another lathe having a counter spindle is offered by Cin- 
cinnati Milacron with the Avenger 250 MS. Last year, Mori 
Seiki Co.. Tool Works Magdeburg GmbH and Voest Alpine 
Steinel GmbH brought onto the market new lathes having 
driven tools. Unlike other producers, the latter offer the 
milling assembly on a single tool platform [4]. 


Multi-spindle lathes offer high productivity. Emco Maier 
GmbH & Co. KG’s Emcoturn 425 is synchronously capable 
of producing two parts on two spindles arranged one on top 
of the other. This is of particular advantage especially when 
the square-footage available in production is limited. Com- 
plete machining is feasible. 


The Pittler-Tornos eight-spindle SAS 26.8 is capable of 
machining bars up to 26 mm [millimeters] in diameter. In 
this way tiny, complex turned parts can be produced eco- 
nomically. The eight table bases and plain turning sides that 
can be adjusted independen.ly of one another via con- 
necting links guarantee highly flexible changeover times, 
meaning that even medium-sized job lots can be machined 
economically. Shortened changeover times can be realized 
through additional quickly changeable grips and through 
optically adjustable and also quickly convertible tool 
holders. As an option, NC linear or compound rests can be 
retrofitted. 


Traub AG’s TNA line of heavy-duty lathes was newly 
developed from the ground up. The crown turret that 
ensures freedom from collisions and also large feed energies 
as a result of its single-row in-line assembly and digital drive 
control plus higher machine rigidity render feasible heavier- 
duty lathing, including greater precision and quality. The 
tool monitoring system 1s based on motor current moni- 
toring, reacting even to very slight interruptions, and so 
making it possible on a timely basis to detect possible tool 
failures. 


Simplified machine tools are offered by some manufacturers 
at attractive prices. Such “stripped down” versions of 
standard machines therefore produce with the quality of 
superior machines. When machining simpler work pieces 
they realize high productivity with concurrently low invest- 
ment costs and machine hour rates. Weiler GmbH, for 
instance, builds the basic version of a CNC machine having 
merely a linear tool system instead of turret and counter- 
spindle or tailstock. Still, even in simplified machine models 
some machine performance capability probably still 
remains that, even if not used by the customer, still has to be 
included in the cost of the investment. 


Consistent modular design, the modular concept, offers an 
escape hatch here. This concept, that has been pursued for 
years now, enables machines to be configured out of cus- 
tomer-neutral modules for specific users and specific prob- 
lems. The customer pays only for those functions that he 
really needs and opts for. The manufacturer is capable of 
cost-effective production through slight variance and quan- 
titative effects on the modular level. Shorter supply times 
can be realized through optimized logistics. Moreover, 
modular design facilitates greater variety on the final 
product level. Index-Werke GmbH & Co. KG’s Ratioline 
offers a modular system in sizes of modules. This enables 
the individual modules to be combined virtually at will, 
meaning that it is possible to realize the most diverse 
machine models from two-axis lathes up to fully finished 
multi-axis lathes for complex complete machining [5]. 


Milling and drilling on machining centers simultaneously 
partially satisfies the two mutually conflicting goals of 
flexibility and productivity. In previous years there have 
been some fresh designs for machining centers as well as 
continuing developments of existing machines. Higher 
spindle revolutions plus greater quick motion and feed 
speeds have been extensively realized [6]. 


Often a change in the product line calls for a reengineering 
of manufacturing. Machines may possibly be used in a new 
sequence. To enable a relatively problem-free changeover of 
the machines the new machining centers are designed as 
rigid, compact snap-together machines having a consider- 
ably reduced number of components. They no longer 
require any special machine foundation. As a rule, cooling 
assemblies are inbuilt or are easily dismantlable, such as the 
feed devices. 


Most recently vertical centers have been designed with 
increasing frequency for jobs that have been performed up 
until now on all-purpose machines. True, the conventional 
all-purpose milling and drilling machine is quite flexible, 
but often it is not sufficiently productive. By comparison, 
specially developed machining centers in a heavy-duty hor- 
izontal or universal spindle model are extremely productive. 
For many small outfits with small and even tiny job lots to 
machine, such machines are often expensive to acquire and 
therefore result in a high machine hour rate. The solution to 
machining a broad spectrum of production jobs—even in 
the smallest series—is cuirently viewed in many cases as 
being vertical machining centers. In this context the vertical 
machine’s basic traverse stand construction harbors a host 
of favorable features. The rigid table can be loaded with 
large, heavy work pieces; the working area ts highly acces- 
sible for palette switch systems or automatic loading 
devices. The risk of a machine failure because of problems 
removing chips is slight on account of the reverse motion of 
the spindle head. Originally, vertical centers were realized 
with three simultaneously controlled NC axes. Currently, 
five-axis high-precision machining is feasible without 
retooling or milling free-form surfaces [7]. Complete 
machining without retooling is frequently also termed 
“compact automation” or “internal automation.” By mini- 
mizing retooling processes, workpiece precision increases; 
changeover times can be eliminated. 


Deckel Maho AG’s MC 800 V is an essentially modular- 
designed vertical center. The tool on this traversable stand 
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machine performs all movements; the working area remains 
quite productive. The motor spindle that is used even longer 
when milling—and this especially in the case of high-speed 
milling—affords the advantages already described for 
lathing, namely, quiet running, precision and smooth oper- 
ation. Revolutions between 20-8,000 min‘! (optional to 
12,000 min™') and quick traverse speeds up to 30 m/min 
have been realized. The linear roller bearing axes contribute 
to this. Because of the autonomous rigidity of its machine 
foundation the MC 800 V requires no separate foundation 
work. The basic version provides three axes and 30 posi- 
tions in the tool magazine. The number of tool positions is 
expandable. A palette switcher can also be added. 


Advances in casting technology have made it possible to 
integrate many multifunctional elements in the machine 
foundation of the MC 530 of Stama Machinery Works 
GmbH, with a 30-percent reduction in the number of 
moving parts. The tool switch system was also optimized. 
Tool switching occurs on the pick-up concept. On the basis 
of plotting logic in parallel production time behind the 
working, the tools are switched around in such a way that 
there is always one vacant space beside the next tool needed 
in the magazine. The previously used tool is deposited there. 
At 3.8 s [seconds], the cutting-to-cutting times are corre- 
spondingly brief. 


{Photo caption] 


Photo 2. Compact design machining center with mineral- 
cast machine frame. 


{Photo caption] 
Photo 3. High-speed machining center with linear motors. 


A machine with an entirely new design was introduced 
among the horizontal machining centers. Bernhard Steiner 
GmbH & Co.'s FFZ 200 machining center’s design, Photo 2, 
was predicated on reducing investments by 25-30 percent. 
New technologies, machine components and elements led to 
an improved price/performance ratio. The machine founda- 
tion with base and the entire tool magazine segment are 
constructed from a single piece as a mineral-cast monobloc. 
The improved precision during the manufacturing process 
is likewise attributable to the excellent mineral-cast 
damping and temperature stability. The FFZ 200 also has a 
20-kW [kilowatt]- powered hollow-shaft motor as its prin- 
cipal drive and servo-drives plus antifriction guideways. A 
40-position cartridge system is responsible for tool supply 
and can be expanded by a maximum of 80 additional tools. 
Various CNC can be integrated into the machine with no 
major outlay. [8]. 


Another example of innovation and progress is the Ex- 
Cell-O GmbH’s XH C 240 high-speed machining center 
having linear motors, Photo 3. Instead of the hitherto 
customary ball caster spindles, direct translational drives on 
the three main axes with linear motors are used for traverse 
motion. The result is that higher path speeds can be realized. 
The quick traverse speed amounts to 60 m/min. The result 
of directly mounting the motor on the carriage is a highly 
simplified control circuit. By combining this with a rapid 
tool switcher and a fast NC, the machine allegedly shortens 
hitherto customary machining times by as much as 50 
percent [6]. 
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Hueller Hille GmbH’s nb-hp and nb-h machining centers 
are based on a basic uniform design having a magazine 
cartridge system for tool supply. The nb-hp machine model 
design was developed for use with large workpiece lots 
requiring On average no more than 35 tools and, as a rule, 
exchanging only tools that have been worn out. This is the 
core of the high productivity. By comparison, the nb-h 
model is designed for customers that have to manufacture 
small and very tiny lots requiring many tools and therefore 
that call for high flexibility. Both designs allow for concur- 
rent production time changeover of the cartridge system. 


In industrial scale manufacturing the trend proceeds with 
interruption from transfer lines to individual machines, 
since even in the auto industry lot sizes are growing smaller 
[7]. With increasing frequency highly productive machining 
centers are being applied here as an effective alternative to 
a transfer line. Heidenreich & Harbeck Machine Tool 
Works GmbH’s A 77 heavy-duty center is available for 
economical manufacturing of parts. High-speed machining 
and conventional machining techniques are feasible with a 
30-kW-powered drive, a revolution of 390 Nm and spindle 
accelerations to 10,000 min! in 3.7 s. Quick traverse and 
feed speeds of 30 m/min and accelerations of 3.33 m/s? in 
connection with high-speed pilot control render short posi- 
tioning times and high feed speeds with great contour 
precision feasible. The tool switcher switches as many as 20 
kg [kilograms] of heavy tools in a maximum of 2 s by means 
of an automatic speed control that is independent of the 
weight. 


More and more /ow-cost machine tools are being used for 
milling and drilling. Mikron AG’s VCE line of vertical 
centers is designed for economical machining of standard 
parts with precisions of as much as 0.02 mm. Designed with 
a minimum of components and parts, the simple but qual- 
itatively high-grade machines offer an excellent platform for 
money-saving application in individual as well as in small 
and medium serial production. The quick traverse speed in 
the three linear axes totals 12.7 m/min; the main spindle 
revolves with infinite variability up to 7,500 min’! using a 
two-stage gear. The drum magazine holds 20 tools and 
functions on the pick-up concept. Investment costs are 
about one-third below those of high-tech machine tools. A 
retrofittable machining center in the low-cost range is 
offered by Deckel Maho AG. In uncertain market situations, 
in fact, an inexpensive machining center that can be rigged 
piecemeal for flexible manufacturing cells represents a 
reduced investment risk [9]. 


Multi-path automated machines, meanwhile, are available 
as alternatives to machining centers. Here too, CNC tech- 
nology makes the machines flexible. Complete machining 
with throughput in minimum time and alternating piece 
numbers can be realized in this fashion. Despite the flexi- 
bility possible with the CNC units, at double voltage the 
piece times amount to less than 5 s. At EMO "93, Riello SpA 
exhibited a drum machine with horizontal switch shafts that 
had one loading and seven machining stations. The 
threaded units and the transverse turning heads on the drill 
units are CNC-controlled. All the machining units and tool 
pickups are equipped with fast switching devices. At Fiat, 
for example, a rocker arm has been completely manufac- 
tured on a similar system for the new Fiat 500, including 
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refining and stay tapping. Wenzler GmbH’s circular transfer 
center RTZ 400/4 is capable of operating simultaneously 
with up to six independently controlled units. The customer 
can piece together a customized solution for his specific 
problems from a modular machine program without relin- 
quishing flexible multi-faceted machining of differe:.t work- 
pieces. The machine has triple-axis-controlled units with 
tool switchers, integrable turntable (C-axis) and swivelling 
axis (B-axis). There are possibilities for traverse iurning, 
grooving and contour lathing. At the EMO in Hannover, 
Toenshoff GmbH displayed a basic design for its multi-path 
automatic drum machines that are in the pre 'iminary stages. 
In their case all axes are CNC-controlled, including auto- 
matic tool and grip switching. 


High-precision machining with detined cutting was judged 
unanimously by all the manufacturers active in this field at 
the EMO °93 to be a significant development goal with 
sizable market potential. Using high-precision machining 
with defined cutting it is possible for the most part to 
shorten or even entirely el:ninate finishing time; finishing 
quality is enhanced. One alternative for realizing high 
precision is the high-speed machining processes [10]. The 
workpiece is machined at narrow line widths so that a good 
approximation to the ideal contour is realized The resulung 
large number of milling tracks to be traversed is offset by 
increased cutting speeds and greater feed and path speeds 
[11]. High-speed and high-precision machining are predi- 
cated on efficient controls. appropriate software and digital, 
highly dynamic drives on all feed axes. 


Another approach in high-precision machining is five-axis 
machining in the context of “internal automation.” Posi- 
tional errors are avoided by complete machining without 
retooling. The best results are realized by combining tradi- 
tional precision machine engineering, five-axis machining 
and high-speed technology processes with defined cutting. 
Only by this combination can high-speed machining be 
considered a serious rival to traditional precision machining 
processes | 10]. 


The foremost field for applying high-speed machining 
machines is in engineering tools and forms. In small form 
engineering the machining of materials like copper and 
graphite requires high cutting speeds and therefore, as a 
result of tool diameters, high revolutions. Manufacturer 
Jobs SpA’s JoTech milling machine realizes as many as 
42.000 min" spindle revolutions at a maximum power of 3 
kW; It is simuitaneously controllable in five axes. Polysty- 
rene and other modeling materials, aluminum alloys and 
carbon-fiber composites can be machined. Deckel Maho 
AG’s DC 70 V vertical machining center can be equipped 
with a spindle whereby revolutions up to 40,000 min™' can 
be realized; it is therefore suitable for high-precision 
machining. Equipping it with incremental gradations (1 ym 
resolution) ensures high positioning accuracy [10]. 


Mikron AG, Mitsui Machine Tool Europe GmbH and 
Nuigata-Pehac GmbH realize high-precision for three-axis 
milling with high-frequency spindles. Mikron AG’s HSM 
520, Photo 4, has a 6-kW drive power and achieves as many 
as 75,000 min revolutions. The efficiencies of the Mitsui 
milling machine are visible in the high-grade surfaces on the 
workpiece. When machining an injection-molded form for a 
loudspeaker cone, for instance, it was possible to realize a 


standardized surface roughness R, of 2.4 pm. In addition to 
increased surface quality, it was possible to reduce 
machining time for the required core form from nearly 13h 
{hours} to 32 min and for the mold-impression form from 
12.5 h to approximately 12 min when compared with 
manufacturing on a conventional NC machine [10]. 


As an additional, alternative too] in a machining center the 
laser offers fresh prospects for complete machining. Even 
previously, Traub AG’s TNC 30 DGY horizontai lathing 
and milling cenier was described as having an integrated 
laser. All laser processes, such as hardening, welding or 
marking, are possible concurrently or in tandem for metal- 
cutting machining. 


Heat-resistant materials and ceramics can be partially 
heated on the NF 200 of Rigid Milling Machines AG by 
using a TLF 6000 laser from Trumpf Laser Technology 
GmbH prior to engaging the milling. Heating the material 
reduces hardness and solidity; machining energies decline 
by approximately 60 percent as a result. Tool wear and tear 
is considerably reduced. A functional combination of laser 
and milling machine was first introduced by the Fraunhofer 
Institute for Production Technology (FhG-IPT) in Aachen 
[12]. 


The integration of lasers in addition to conventional pro- 
cesses also opens up entirely new possibilities in plate 
working. Currently, the best known type machine of this 
sort is the combined punch, nibbler and laser-cutting system 
wherein the laser takes over the cutting of more complex 
contours. When punch-laser-packing in a press the laser 
welds plate packs during punching [13]. This is possible as a 
result of further developments in beam control inside glass- 
fiber cables. 


[Photo caption] 


Photo 4. High-speed milling machine for making small 
molds. 


Improvements of individual types of lasers, instantaneous 
availability, beam quality, pulse rate and performance also 
enlarge the spectrum of application. The possibilities of 
laser cutting that is increasingly rivaling conventional 
thermal cutting processes, for “laser only,” that is, just for 
use of the laser inside a machine, are expandable. Thus, gas 
cuts up to 18 mm can be made on black sheets [13]. Welding 
depths up to 16 mm are possible on steel with a speed of one 
m/min using a 12-kW CO, laser from Trumpf Laser Tech- 
nology GmbH. 


2D [two-dimensional] systems that are frequently used by 
contract manufacturers for cutting, welding. marking and, 
especially for thin sheets, even for nibbling and punching, 
are noteworthy for their high flexibility. 3D [three- 
dimensional] machining systems, however, are the most 
flexible systems in the area of “laser only” applications. As 
a rule, they have five motional axes and possibly also other 
workpiece rotational axes. Among other machines for three- 
dimensional machining exhibited at EMO '93 were those of 
Bystronic Laser AG, Armada Comp. Ltd., Stima Eng- 
neering Sri. and Prima Industrie SpA. Prima Industrie 
SpA’s Rapido laser cutting and welding machine can be 
retooled in a short time from cutting to welding or surface 
hardening [12]. 
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An inexpensive alternative for the portal design of laser 
systems is the use of robots that operate the beam controlled 
via glass fibers [13]. At Laser 93, Coherent GmbH intro- 
duced a laser that can be directly attached to the robot arm 
because of its minimal weight. In this way a single laser can 
be used for a number of machines. By switching the beam it 
is routed to each of the machines. This has already been 
realized on a system consisting of a TNS 65 D NC inclined- 
bed turning lathes from Traub, an MH 600 E NC milling 
machine from Deckel Maho AG and a TLF 2500 CO,-laser 
from Trumpf having 2.5 kW output [14]. 


In the Federal Republic of Germany [FRG], tools result in 
an annual consumption value that is approximately as high 
as that for machine tools. There is no disputing the impor- 
tance of tools for innovations in manufacturing technology; 
still, time savings and therefore increased productivity can 
be realized through a more efficient tool [15]. Increasing 
automation with a simultaneous requirement for manufac- 
turing safety and finished machining of workpieces on the 
basis of near net shape prefabrication call for new tools. The 
machine cutting of hardened workpieces by means of geo- 
metrically defined cutting as well as the possibilities of 
dry-machining also harbor a significant potential for 
streamlining that can be realized through appropriate tool 
technoiogy [16]. 


In 1993, further developments occurred predominantly in 
the area of cutting materials. Of interest from an economic 
point of view are new tools that integrate multiple 
machining processes as a result of an expanded spectrum of 
application or a fresh design. In this way, for example, 
drilling and reaming can be performed with a single tool or 
the grinding process can be replaced with superfinish 
turning. Uncoated tungsten-carbide-based hard metal [HW] 
and coated HW [HC] tools are predominant in the applica- 
tion. Their development aims at the realization of structures 
with a fine-grained texture to continue to improve, above 
ail. the stability of the cutting edges. It is possible also to 
detect a trend towards silicon-nitride ceramics and an 
increase in the use of coated HSS for small tools [15]. 


Currently, used silicon-nitride ceramics that are known for 
their great resistance to temperature variations and to shock 
have been even further improved. As a result the use of such 
cuiting materials, especially for turning and milling. is 
becoming more economical. In rough lathing of cast iron 
[GG] 25 brake drums it was possible, for example, to more 
than double the regular quantity with the new Sorte SL 150 
from Cerasiv GmbH. Other definite improvements in sili- 
con-nitride ceramics can be realized by coating. When using 
hard materials with mixed ceramic the new Sorte SH 10 
from Cerasiv GmbH is noteworthy not only for improved 
performance features but also for an extensive spectrum of 
applications. This enables high abrasive efficiencies prior to 
grinding when turning and milling, high surface finishes 
when substituting turning and milling for grinding and close 
shape and dimensional tolerances. For example, gearwheel 
seats with a hardness of 62-63 HRC [Rockwell hardness 
cone] could be fine-turned instead of ground without 
coolant in the smooth cut. Production piece costs dropped 
by 30 percent compared with conventional machining. 
Coolant and wheel swarf problems are not an issue resulting 
in the possibility of significant savings. 
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Continuing to grow in importance as the most important 
technological step in the direction of longer tool life or 
shorter machining times is the coating of the cutting mate- 
ria!. Because of new coating processes it has been possible 
significantly to increase the lifetime of cutting tools in past 
years. At comparatively low temperatures of nearly 500°C, 
fine-grained films can be applied using plasma-activated 
CVD [chemical vapor deposition] processes. With such a 
method, ions and atoms can be implanted in surfaces and 
also be deposited in any combination and sequence 2s a 
formative film on the surface. The applied films increase 
cutting stability. Sharp cuts with high edge stability possess 
advantages in machine finishing. for example, when milling 
high-strength, tempered steel materials. The substrate’s 
properties are only marginally altered by the CVD films. 
Even soldered or shrunken tools can be coated using CVD. 
Because of the low temperature level, the CVD process can 
also be used, for example, for heat treatable steels or HSS 
[15; 16]. Reductions in cutting time of up to 50 percent, or 
else tenfold increases in quick traverse speed and regular 
quantities, could ve realized through the use of coated 
silicon-nitride ceramic or coated cermet. 


For drilling and reaming, indexable inserts are being used 
for fine and extrafine drilling just as they are also being used 
for fine turning. Precision drillings can be integrated into an 
operation without switching tools by means of a new tool 
holder having automatic smoothing feed motion that the 
Walter Bauer (Ph.D., Engineering) firm developed. At the 
conclusion of the basic or throughput drilling, the finishing 
plate is brought into operation through the geometric con- 
figuration of the tool functioning in return traverse. Using 
new external reamers of the Mapa! Dr. Kress KG, it 1s 
possible to integrate in a single production run jobs that 
have been performed outside the main machining up until 
now. Machine reaming therefore can be performed, for 
example, on transfer lines or multispindle autolathes. A 
technological alternative for threaded production 1s 
afforded by the newly developed thread cutter having index- 
able inserts, the Iscarthread from iscar Hard Metal GmbH, 
Photo 5. External and internal threads can be turned using 
that tool and threads in blind holes can also be produced. 
Using the smallest insert. it is possible to turn increasingly 
numerous from thread dimension M8 and up in an 
increasing range from 0.50 to 1.25 mm. Each cutting edge is 
capable of replacing numerous thread drills for the most 
diverse diameter and thread standards. The result is lower 
storage and acquisition costs. Screw cutting is part of the 
CNC lathing sequence not necessitating special installation 
or the occurrence of nonproductive times. 


[Photo caption] 


Photo 5. Mini-screw cutting tools compared to conventional 
tools. 


To facilitate the choice of the proper tool or the appropriate 
indexable inserts, a number of manufacturers offer software 
support, for example, Walter AG, Seco Tools AB and 
Kennametal GmbH. Jointly with the CIM [computer- 
integrated management] Center GmbH in Aachen, Hertel 
AG, Krupp-Widia GmbH, Plansee Tizit GmbH and Sand- 
vik-Coromant AB successfully recast their product spectra 
in a database program enabling very rapid selection of the 
right tool for the respective machining event. Tool features 
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can be rendered universally useful for PPS or CAD [com- 
puter-aided design] application, as well as for tool manage- 
ment on the basis of a common data format [15]. 


The Laboratory for Machine Tools and Industrial Theory 
(WZL) of the RWTH [Rhine-Westphalian Institute of Tech- 
nology] in Aachen has published maximum torsion and 
bending loads as well as the ceiling speeds of various 
interfaces between tool and machine. The result is the 
availability of comparative data on facing-system hollow 
taper shank (HSK) that has been standardized in the mean- 
time in DIN [German Industrial Standard] 69893 as a new 
interface, for steep taper and the DIN parallel shank. The 
parameters reveal the great efficiency of the new interface. 
The result is that, besides production experiences with 
hollow shank tools, numerous parameters and maximum 
loads for HSK tools are available for potential users. 


Smaller additional developments could be cited in recent 
years for gripping devices. Forkhard GmbH offers special 
workpiece cutting tools, for example, a jaw chuck or draw-in 
collet chuck with a truth of less than five ym, for high- 
precision cutting with a geometrically determined cut. The 
Rotamatik reversible clamp offers a fourth CNC axis at 
attractive pricing. The workpieces are held between two 
clamping jaws with axial binding power as if in a vise. The 
NC [numerically controlled] reversible clamp is concomi- 
tantly controlled by the CNC machine. Four sides of a 
workpiece can be machined in just a single chucking. 
Problematical machinings can be performed collision-free 
with the chucks without necessitating the use of special 
tools, for example, an extended milling cutter. In this way it 
is possible for 3D vertical machining centers to be equipped 
with minimum investments. At EMO ‘93 a number of 
exhibitors displayed variable clamp systems and clamp 
programs that have already been proved in use by some 
users. For example, Roehm GmbH introduced a variable 
clamp program and Gottlieb Guehring KG, its Tec-Block 
system [15]. 


In summary, it may be remarked that, apart from a few real 
innovations in systems components. continuing develop- 
ments prevailed. In that context, the availability of 
machines with a favorable price/performance ratio was 
pronounced. 


4. Controls 


The development of controls is realized through the mul- 
tiple application of standard hardware with increasing 
dynamics. Publications over the past year described devel- 
opments, especially for open controls, a new strategy for 
five-axis milling, integration of drive and control plus 
specific controls for high-precision and high-speed 
machining. Also reported on were fuzzy-logic controls and 
progressive use of CNC technology in currently convention- 
ally controlled processes. The following review also notes 
the trend towards compact CNC for workshop machining. 


Open controls are characterized by flexible control functions 
adaptable to the respective application by the machine 
manufacturer over broad limits. Heavy use is made of 
standardized components and clearly defined, function- 
oriented interfaces that decidedly simplify integration in the 
customer’s existing production-technology milieu [17]. 


Demands for a universally valid reference architecture as 
formulated by the European allied project OSACA (Open 
System Architecture for Controls Within Automation Sys- 
tems), however, are still not being given practical consider- 
ation at present. Openness is still essentially determined by 
the system’s configurability; it can therefore only be 
exploited by the machine tool manufacturer. An exchange of 
core control modules, therefore, will probably not be fea- 
sible over a foreseeable period of time. Still, machine tool 
manufacturers are afforded an opportunity efficiently to 
realize additional user-specific components. Programming 
and diagnostic systems plus machine-relevant help menus 
can be customized for this problem and implemented via 
interfaces. There is already some possibility for access to 
control data in the core control, meaning that such data can 
be transformed for special CNC applications [18]. 


Such open controls are being realized more and more on 
standard platforms, for example, the personal computer 
(PC) enabling the use of popular operating systems such as 
DOS, OS/2 or UNIX. Along with others, Fanuc, NUM 
Guettinger, Bosch, Kloeckner-Moeller and Siemens have 
created such universal controls for many applications and 
users [18]. At this point, Sinumerik 840 C will be examined 
by way of an example. Its hardware has been designed 
through modular construction for a plethora of possible 
applications, for instance, on a standard machine or on an 
individually modular-designed machine. The control 
system consists of three units: the operating components, 
the central devices and the peripheral machines. As desired, 
hard- and software modules can be expanded for additional 
handling systems for automatic feeding and removal of the 
workpieces or for tool/workpiece measurement systems. 
Human-machine communication supports implementation 
of manufacturer specifications and workshop-oriented pro- 
gramming (WOP). The WOP package simplifies, for 
example, the input of workpiece geometries and cutting 
values, it has variant production and simulation functions 
and allows subsequent modifications to the NC program. 
Besides milling, turning is also supposed to be supported 
before long. The uniform control design for different 
machines facilitates efficient planning, systems mainte- 
nance and training. 


Five-axis machine milling is facilitated by a new control 
system that was developed by the Institute for Machine Tool 
and Manufacturing Installations Technology (ISW) under 
Stuttgart University with support from the German 
Research Society (DFG). NC programs are generated for 
five-axis milling in the preparatory stage of the job. The 
frequently utilized DIN 66025-based interface for data 
transmission among CAD/CAM [computer-aided design/ 
computer-aided manufactuing]} systems and CNC leads to 
the loss of data, especially surface data. Hence it is no longer 
possible subsequently to modify on the machine the manu- 
facturing marginal conditions (actual chuck status, available 
tools), that are often not completely known at the time the 
NC control data are generated. The new control design does 
in fact allow such modification by expanding the interface 
and through a fresh definition of the milling paths on the 
basis of surface curves. Simultaneously, the scope of the NC 
programs is drastically reduced by this sort of programming; 
the control has to read in considerably fewer NC records. As 
a result, a somewhat greater maximum quick traverse 
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becomes feasible. Since the milling paths no longer have to 
be linearized, the result is an improved path accuracy. 
User-friendly functions are available to the user, whereby he 
is able to input more of his own personal experiential 
knowledge. Since as a consequence parameters such as tool 
geometry, chuck status and initial conditions are directly 
impactable, the approach and optimization of NC programs 
is exiremely facilitated and economicalness increases. 


In the view of many manufacturers, the integration of 
controls and drives is the key to future CNC. Crrrently, the 
implementation of advanced control strategies still fre- 
quently founders on the inadequate ability of the technolog- 
ical cuntrol elements of the drive booster to be influenced. 
Aradex GmbH, therefore, has integrated in the form of a 
complete solution the CNC and drive booster systems that 
are traditionally independent of one another. The Vec- 
tonum CNC and the Vectodrive drive booster encompass 
control of the entire control gamut from path interpolation 
to power feed in the motor. In the process, a single processor 
assumes the functions ordinarily ensured by five or more 
processors. In addition, memory-programmable control 
(SPS) functions are concomitantly taken over by the CNC. 
In multiprocessor systems the difficult synchronization of 
all processes between positioning control, SPS and path 
interpolation requires costly communication using high- 
tech bus systems. In the single-processor solution , instead of 
data transfer via a bus system, a simple storage operation 
occurs that is considerably faster. There is, therefore, no 
applicable hardware outlay for the additional processors 
and the bus system. The following parameters were realized 
using a standard PC having the DOS operating system: 
bloc-cycle times under one ms [millisecond], interpolation 
time under one ms, maximum size of 100 Mb [megabits] for 
the CNC job, a look-ahead of 100 NC records. The K,- 
factor, a gauge of the machine's representational reliability 
in two-dimensional or three-dimensional curve processes, 
amounts to 3,000 (m/min)/mm. The Vectonum-CNC has a 
programming interface for SPS functions that are imple- 
mented in high-level language and offer possibilities for a 
field bus gate. By directly meshing SPS and CNC the offset 
for the temperature-dependent longitudinal expansion can 
be simply programmed. Even on-line monitoring, for 
example, of wear and tear via measurement of the motor 
current, can be realized. In this way, high-speed and preci- 
sion machining are paired together [19]. 


Andron GmbH, a partner of Indramat GmbH, has devel- 
oped an efficient CNC that is suitable for high-speed and 
free-form surface machining. The Andronic 400 is imple- 
mented on the basis of a PC and with the Sercos interface it 
has an interface with digital drive systems. A high- 
performance PC that should be configured in its minimum 
stage of expandability as a 486 with 33-MHz [megahertz] 
clock speed, integrates seven plug-in boards by means of 
which the entire CNC is realized. It also functions as a 
human-to-machine interface and as data storage. The actual 
computer, also a 486 PC, contains the Sercos board plus 
components for internal communication. Even external SPS 
systems can be hooked up. The digital drives are capable of 
providing eight axes in a timeframe of one ms with a 
scanning rate of 250 us with position and speed values. In 
the same timeframe again data is received from the drives 
and processed. 
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Controls for high-speed machinings have to be fast. High- 
speed processes and high spindle revolution frequencies do, 
in fact, realize high cutting rates, but do not automatically 
lead to high machining qualities. Important weight ts attrib- 
uted to contrul, since it is decisive for implementing tech- 
nological data and machining-specific parameters to satisfy 
the requirements. 


The control of the HT-4A high-speed milling machine from 
Mitsui Machine Tool Europe GmbH is equipped with a 
high-precision contour control function. A 64-bit-RISC- 
[reduced instruction set computer] processor constantly 
controls the quick traverse to keep the programmed contour 
accurate. Through a look-ahead of up to 60 NC records, the 
quick traverse rate at the moment is compared with the 
maximum allowed quick traverse rates from record to 
record. The quick traverse is correspondingly adjusted 
before the record is implemented. Through quick traverse 
control, uniform axial motions and therefore high contour 
truth and finish quality are realized and sudden accelera- 
tions or slowdowns are prevented [19]. Bruetsch-Electronic 
AG developed the modular-designed, transputer-based NC 
TPS-3000 for speedy and simultaneously highly precise 
machine cutting of out-of-center parts. This system can 
expand along with increasing requirements by distributing 
the software to other transputers. Through an automated 
learning process the axial parameters—that is, the control 
gamut—are determined. As a result the dynamic behavior 
of each axis is known and is offset by a r:atching controller 
design. Offsetting speed and acceleration equalizes con- 
touring errors. Analogous to the Mitsui HT-4A’s control, 
Bruetsch’s control analyzes currently possible path speeds 
on the basis of path curvature and the limiting values of the 
axis and any selected quick traverse that might be too high 
is corrected. Such look-ahead computation occurs in real 
time during the start of the contour. The control is designed 
in such a way that it can compensate for the design flaws of 
any machine that may occur in the range of less than 10° 
mm. The finish is enhanced through steady contour accel- 
eration and drive element wear is minimized. Tool wear is 
taken into account by adaptive control regulation [20]. 


Fuzzy logic is used on machine tools, especially on electrical 
discharge machines. When so used they virtually substitute 
for an expert system. Gains in time can be realized for 
highly complex forms, multiple forms and for very deep or 
narrow contours. Pause time, tool-rise interval and tool-life 
motion are controlled for the most part. Agie AG combines 
its well-known ACO/ACC [adaptive control optimization/ 
adaptive control constraint] control with a fuzzy logic 
subsystem. Using this hybrid contro}, increasingly deeper 
erosion can be performed more quickly. Mitsubishi Electric 
Co. uses fuzzy logic for electrical discharge cutting . By using 
deionized water it was possible to realize cut rates up to 270 
mm/min and surfaces having a roughness R,,.,, up to | pm. 


Honing, one of the last traditional machining processes, has 
been automated too with advancing application of CNC 
technology. In the past decade considerable improvements 
could be realized in controllability, accuracy and user 
friendliness. Currently, honing machines from the Jones & 
Shipman Plc. firm having 32-bit microprocessors are real- 
izing lift gradations with four or 18 pm resolution. By using 
brushless alternating current servo-drives, quick traverse 
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increments of 0.05 pm can be realized on the diameter. 
Rapid slow-downs and fast accelerations on the lift end can 
avoid commonly occurring surface grooves. Increased CNC 
computer capacity has revolutionized many aspects of 
honing operation. For example, the described controls can 
control up to 32 axes. enabling coordination of loading and 
unload'ng stations. There is an inbuilt measurement system. 
By incorporating CNC and computer-aided SPS too. the 
process has achieved a higher degree of controllability. In 
this way dmnilings can be produced with much greater 
accuracy and higher quality. The human/machine interface 
has been improved through monitor displays. programming 
and installation have been simplified. This has considerably 
increased productivity. 


Powerful CNCs are being used more and more oftei in 
machining fields in which at present cam-controlled 
machines still ho!d sway. Continuing developments through 
advancing use of CNC will also impact multi-carriage tech- 
nology. Currently extant cam autolathes are distinguished 
by rapid. occasionally simultaneously usable plunge-cut 
Carriages and by high productivity. As a rule. however. to 
retool mechanical multi-carriage automated machines 
requires four to seven hours. With the TNM 42 multi- 
Carriage autolathe. Traub offers a high value CNC autolathe 
in which conventional cam drives are replaced by just a 
single CNC axis. By means of hydraulic engagement the 
Carriages can be activated simultaneously or independently 
of one another. As a result ail alternatives are available for 
individualized configuration of the job process. Job effi- 
ciency is equai to that of conventiona: cam autolathes. But 
there is a definite increase in flexibility and availability. The 
stable performance of the carriages faciiitates the use of 
tools with a breadth of as much as 80 mm. Asa result. there 
are additional degrees of freedom in configuring job 
processes. 


Alongside the increasingly more powerful CNC systems in 
the upper and middle range of performance, compact CNCs 
constitute a new focus in the lower performance range. Such 
small controls are marked by a dramatically scaled-down 
CNC functional capability wherein only those functions are 
carried out that are really needed by the user. The scope of 
the performance therefore depends both on technical and on 
economic requirements. The trend to small controls is a 
direct consequence of conventional machines that currently 
still hold a very high share of sales at nearly 85 percent. Such 
machines do. in fact. contribute only about half the total 
turnover of machine tools, but they offer a not-negligible 
market potential for the CNC market [18]. 


The recession in previous years favored an alternative CNC 
concept. A reassessment of the strengths of specialized 
workers having a high level of specialized training and the 
use of microelectronics’ technical-economical features facil- 
itate new decentralized solutions for machine automation in 
terms of an alternative CNC. Such concepts are available, 
above all, for lathes and, o..asionally, also for grinding 
machines. A further expansion can be anticipated. The 
spectrum of the concept ranges from equipping existing 
all-purpose machines to new CNC machine designs. In 
many instances the central element is the handwheel that 
conveys tactile signals via feedback of energy or 
momentum. The handwheels are built into the control 


panel, phote 6. The machine on exhibit 1s also equipped with 
a CNC-plus-control that will be examined in still greater 
detail. The machine and control systems may be classified 
into three basic types bused on the operating methods that 
are pursued and the control support that 1s offered: 


[Photo cariion] 
Photo 6. Lathe having inbuilt handwheels. 


In the first type. efficient control support can be realized 
through retrofitting of machines in need of upgrading or 
through rigging of conventional machines. It ranges from a 
simple coordinates display via initiating and “teaching * of 
points to the finishing off of path geometries that are 
manually difficult to control. Alternate manual and control- 
aided machining 1s feasible. Boehringer's VDF-DUS-iine 
and Voest-Alpine’s E-model line. both equipped with the 
Sinumerik 805. may be mentioned at this point. On the ZX1 
CNC circular grinding machine, Schaudt has realized a new 
process- and job-oriented user philosophy for grinding. 


The functional scope of the second type goes beyond the 
control-aided conventional machines just indicated. On 
such machines with addit:onal automated operation a 
reproducible manufacturing process is recorded along with 
the gradual production of the first workpiece. By combining 
conventional machining with possible automated operation, 
flexible and cost-effective production resources can be real- 
ized for individual and small-series production. The 
Grundig firm’s Manual Plus, for example. complements the 
lathes from DMT-Turning Technology GmbH and from 
Gildemeister AG. The Fanuc 20 control that supports a 
combined process of hand-controlled machining operations 
and inputted contour lines or cycles for repeated production 
in automated operation is used on machines from 
Colchester, Monforts and Schaublin as well as on Hamai 
firm’s milling machines [18]. 


The third type facilitates WOP support that accompanies 
manufacture. The CNC-plus design by the Keller and 
Wagner firms may be introduced as examples here. It ts 
noteworthy for the heavy penetration of the conventional 
job process with interactive graphic functional support. The 
control design initially includes three different types of 
production, with input being done via a keyboard and 
output via a monitor. For the first production method, 
handwheels mounted on the control panel are utilized. 
Because of minimal complexity of the workpiece geometry, 
if the specialized worker decides to operate with the hand- 
wheels then he is able, using the electronic sensors, “‘to feel” 
if the tools are engaged. Concomitantly, a true-to-life repre- 
sentation of the production process. which ts not directly 
viewable for the most part because of the machine's hood 
and the cooling lubricant, appears on the monitor. Similar 
to “Teach-In”/“Playback.” the tools are stored for the 
purpose of reiteration. With the second type of manufac- 
iure, it is possibie with no prior input of geometry to cut the 
unmachined piece in simple job steps. Prior to cutting. a 
simulation that 1s true to the original, photo 7. indicates ihe 
production process and, if need be. the specialized worker 
can also input necessary geometric or technological correc- 
tions. The possibility of progressive cutting directly on the 
untooled part also does away with the separation between 
acquisition of geometry and definition of technology still 
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prevailing in WOP programming processes. The CNC- 
plus-control desig? does not require any programming 
work, merely the realization of a job plan. In the third type 
of manufacture, the specialized worker acquires the work- 
piece geometry that is highly complex for the most part and 
can then have the remaining materials cut in individual job 
steps. Cutting is also feasible, however. using the hand- 
wheels, with the hardware geometry then forming an auto- 
matic software barrier so that, in any event. any adverse 
effect on ihe contour is avoided. Other software barriers 
programined by the specialist virtually preclude crashes. 
CNC-plus. therefore, is a turnkey manufacturing design that 
is not only specialist fnendly but also highly efficient [21]. 


This section of the annual survey has noted the previous 
year’s developments in controls. Even in this period the 
steady trend toward open controls 1s evident. Stull. such 
controls currently offer only fine adaptability to individual 
configurations but not a reciprocal exchangeability of func- 
tional modules. A new control systems emerges from the 
integration of contro! and drive that 1s also appropriate for 
precision and high-speed machining. The costs of contre!s 
can be distinctly reduced through the use of standard 
computer components. Modern controls support the user 
with friendly software. To be better able to utilize existing 
experiential knowledge. the possibility for the specialist to 
intervene is being expanded. The application of CNC tech- 
nology is being extended to other machines. As a result. 
there is increasing flexibility as well as availability. and the 
possibilities for integration in flexible manufacturing sys- 
tems is also increasing. 


{Photo caption] 
Photo 7. 3D display of a workpiece for control during 
simulation. 


5. Automation 


Up to now increasing automation has been taken to mean a 
progressive decoupling of the human being from the work 
process. The most important reasons for efforts at manufac- 
turing with limited personnel include high job costs and 
short job times. As a result of increasing automation in 
recent years the employee’s removal from the net worth 
process has grown and system complexity also increased. 
Activities shifted increasingly into indirect segments. Lean- 
production strategy does not signify any deviation from the 
trend to flexible automation. In fact, the example of Japan's 
industry demonstrates the advances that can be realized in 
terms of productivity through appropriately applied auto- 
mation. Properly applied. flexible production automation is 
rather a necessary complement for personnel and organiza- 
tional objectives. 


This section introduces computer-aided resources for sys- 
tems integration. Manufacturing control units and their 
manifold functions are specially examined. Developments 
in sensors, the basic components of automation, are 
described. Next, light is shed on the special requirements of 
sma!l and mid-sized manufacturing outfits under systems 
integration. 


All innovative systems are characterized by computer-aided 
organization integration in the entire operational arena. 
Concepts such as computer-integrated manwfacturing 
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(CIM). production planning and control (PPS) or engi- 
neering data management (EDM) are based on the realiza- 
tion that an integrated approach renders feasible much 
higher efficiency for the entire industrial process. CIM and 
PPS. in particular. are frequently greeted with skepticism. in 
past years it was possible to realize only to a limited extent 
the goals that had been fixed (increasing realistic deadlines 
shortening throughput times. enhancing market flexibility) 
Underlying the problems 1s rapid tecnnological change 
Unperfected technology not customized for specific users 
was applied. Expensive designs in which what was techn- 
cally feasible was often realized led to sophisticated systems 
of extremely high performance capability. Computer tech- 
nology dominated the field ignoring the fact that manage- 
ment problems cannot be solved through CIM approaches 
{{22]. Stall. major reserves of efficiency can be activated 
through computer-aided production alone. The develop- 
ment of CIM ts stall far trom concluded. In fact. it 1s only 
properly gaining in dynamism now thal hardware costs are 
lower than they ever have been [1]. 


Open systems offer the possibility of supporting the indi- 
vidual user on an individualized basis with standardized 
components. As already in the case of systems components 
and controls this calls for modular systems that communt- 
cate via Standardized interfaces. In this way and as required. 
the user can combine different modules. The manufacturer. 
im turn, 1s not compelicd to deveiop on his own all the 
functions. 


Under the X-Tower label. MBP Industry Software GmbH 
has developed a modular-designed and integrated PPS 
system. This system is capable of supporting and repre- 
senting dynamic processes in the firm. The onentation 
towards the industrial processes reflects the trend to process 
orientation. Contrasting with this are the conventional PPS 
systems that support a distribution-of-labor production with 
a functional orientation. X-Tower encompasses the entire 
industrial management cycle. Production ts controlled via a 
control-unit system. A complete development environment 
is available for design and implementation of event- 
oriented dialog applications. The architecture reflects the 
open standards for data retention. for user interfaces and for 
data communication. It is capable of being implemented. 
for instance. on UNIX operating systems. The basis for this 
is the implementation of the architecture in the form of a 
client-server design. The development milieu and the open 
company model stored in the data dictionary guarantee 
portability in terms of heterogeneous hardware and software 
environments and applicability to specific user require- 
ments [23}. 


Production control of decentralized manufacturing sectors 1s 
taken on by the PPS modules or by a manufacturing control 
system. depending on the supplier. Common to all solutions 
is that a distinction is made on the one hand between a level 
for resource planning and acquisition (PPS system) and the 
level for production control and production implementa- 
tion on the other hand (manufacturing control system). 
Production control with the focus on resources availability 
is Often realized within decentralized industrial sectors with 
the assistance of electronic control units. The higher-level 
PPS system in that context assumes overall contro! for the 
coordination of the individual, autonomous production 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copynght owners. 














JPRS-EST-95-001 
4 January 1995 


sites as well as the documentation of business events across 
all sectors having industrial management relevance. The 
control concept results from the operational data consoli- 
dated in the control unit. A real-to-ideal comparison occurs 
among the current process data from the BDE-system and 
the planned algorithms. The result is supposed to be a 
transparent representation of the process implementation 
level and therefore resources utilization on the basis of 
available data [24]. 


The manufacturing control system supports short-term deci- 
sions, for example, workshop control, and traditional 
tasking such as the modification of order sequence on a 
machine, splitting of lots or overlapping of job processes. To 
an ever greater extent planning functions too are imple- 
mented. According to ABB Manufacturing Control Tech- 
nology GmbH, a complete manufacturing control system 
possesses all necessary functions for planning and control of 
machining the order, from long-term capacity, quantity and 
deadline planning with powerful simulation processes to 
real-time operated, BDE-supported workshop control. Still, 
the results can only be improved with a manufacturing 
control system if the planned corner work data from the PPS 
system are close to actuality and can also be fulfilled. A 
control unit system may not compensate for a false or 
inadequate functional capability by PPS systems. The 
extent of the planning horizon of the manufacturing control 
system and the degree to which tasking is taken over from 
the PPS system has to be tested in a company-specific 
manner. 


Decentralization enables taking into account the different 
requirements of the individual manufacturing sectors. What 
hitherto could be controlled only with a single strategy can 
presently be coordinated as a harmonized juxtaposition, for 
example, of manual labor, transfer line and team work 
tasking. The concept of decentralization is based, above all, 
on the professionalized labor of employees in the individual 
sectors. For such activity to be practicable, appropriate tools 
such as interactive/graphic control units have to be made 
available. Control unit functions, for instance, a simulation 
of order feed-in or diagnostic and maintenance recommen- 
dations, support the user. 


Effective simulation processes can clarify machine utiliza- 
tion alternatives using different algorithms in their effects. 
The bases of a simulation are the momentary capture of the 
current manufacturing status and the projection of simula- 
tion scenarios. The customary dialog functions of the con- 
trol unit enable order quantities, deadlines or priorities to 
be determined, additional orders to be fed in or resource 
capacities to be modified. Existing manufacturing restric- 
tions are thereby taken into account. The desired alternative 
may be accepted as a prescription for manufacturing control 
[22]. Fuzzy logic is already used in several systems as an 
extra module that can be purchased from Inform GmbH. In 
advance simulation operation or even in real time, 
throughput times are thus shortened and realistic deadlining 
is improved. Fuzzy logic will be employed here in the future 
alongside of other processes, for instance, evolutionary 
strategies or artificial intelligence processes. Another func- 
tion of control units is supplying operational resources, 
enabling the coordination of tool and device demand. 


Diagnostic and maintenance systems increase process secu- 
rity and the availability of machines and systems. During 





the manufacturing process, systematic and progressive 
machine deviations based on design and wear and tear must 
be so small that the workpieces can be machined in accor- 
dance with permissible tolerances and deviations of form 
and position. Losses from crashes and breakdowns of 
machines and systems must be absolutely avoided [25]. 
Monitoring of machines and processes can detect imminent 
collisions on a timely basis and introduce corrective 
measures. 


The on-line use analysis of the ATEM software firm is 
capable of providing detailed information at any time on the 
status of the system. Only manufacturing systems whose 
systems status is transparent at any point in time can be 
optimally operated. The need for maintenance tasking is 
opportunely reported to the user so that he can choose a 
propitious time for it. The monitoring system also assesses 
emergent data aimed at analyzing weak points. Among 
other things, the system is being used on a transfer line for 
the manufacture of engine blocks. In this instance an 
assessment of the wear and tear on the tools is also under- 
taken. In the first year of operation it was possible to reduce 
tool costs by 15 percent. Rejects and finishing work were 
also perceptibly reduced. 


At Berlin’s TU [Technical University], a diagnostic system 
for main spindle bearings was developed. The design pro- 
vides for an automated process of periodic inspection in the 
form of a rest run on the machine tool. The signals on 
prestress status, running surface status and lubricant status 
of the spindle bearings are consolidated into trends. This 
generates a diagnosis that supports the users in planning 
preventive maintenance. In the event of a failure, it is also 
possible to clarify whether the cause of the failure can be 
attributed to the spindle. 


The Intellicam manufacturing control system of Ubis 
GmbH, a partner of Siemens Nixdorf AG, in addition to 
planning and monitoring tasking, supports rectification of a 
failure. In the event of technical problems and process 
failures, it is possible to resort to experiences gathered from 
similar situations and documented in a knowledge base. The 
system facilitates access to measures for eliminating the 
problem and provides detailed instructions on rectifying the 
failure. In this way unforeseen failures can be quickly 
eliminated by the manufacturing controller without addi- 
tional expert personnel. 


Besides knowledge-based systems, in the future there will 
also be systems capable of learning. Tool monitoring sys- 
tems, for example, can store the signal patterns emerging 
under specific machining conditions. The system can there- 
fore “learn” the relation among signal patterns and resort to 
this “experience” in similar situations. Conceivably, 
learning effects of this nature can be used for error preven- 
tion and error compensation. The difference from knowl- 
edge-based systems lies in the fact that those currently apply 
rigid heuristics. Learning systems are predicated on using 
sensors to query the signals. The development of sensory 
analysis and microtechnology enables learnable systems to 
maneuver in tangible proximity [1]. 


Sensors constitute important bases for automation. With the 
trend to increased process monitoring it is being given 
increased significance. For this reason some continuing 
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developments are described below. Some innovations were 
introduced among laser sensors. The sensor head of the 
LM 300 triangulation sensor from Matsushita is the size of a 
pack of cigarettes and as a result can be integrated in many 
systems. At 30 mm from the measured object, the distance 
is gauged with a resolution of 0.2 ym. As required, the 
electronics unit assesses the signals of dual sensor heads. In 
this way, for example, the thickness of a foil coursing 
through the space between the two heads can be measured 
very accurately. With a laser band, developed by the Omron 
firm, fanned out as much as 10 mm. it is possible to detect 
contours such as broken wires or edges. Using this method 
to measure edges affords entire new possibilities in the 
quality control of production tolerances. In a measurement 
range of 20 mm the Opto NCDR 2000 sensor of the Micron 
Epsilon firm can still resolve one pm. On an interferometric 
basis the Polytec firm has developed a vibration sensor that 
precisely analyzes oscillations into the ultrasonic range. 
Such oscillations on lathe spindles and tools lead to fine 
chatter marks. Acoustic emissions are used for process 
monitoring of ultrasonic machining. The process developed 
at the FhG-IPT in Aachen, in connection with adaptive 
control, facilitates operator-free processing. A new sensor 
was developed by the Nordmann firm for tool monitoring of 
small tools and multi-spindle drill heads. It solves the 
problem of fracture monitoring and detection of partial 
eruptions on small tools. The acoustic emission hydrophone 
sensor (SEH) picks up the structure-borne sound of the 
cutting process and the tool fracture directly at the point 
where it originates. An appropriate coolant-lubricant jet is 
produced for this sensor that is aimed at the tool, the 
workpiece or their clamping device. The coolant jet thus 
serves as a sound-wave conductor. 


Coordination and information of the individual manufac- 
turing segments are critical for the success of computer- 
aided manufacturing. A client-server architecture and a 
standardized bus system make active, smart end-user equip- 
ment possible. Currently, highly powerful standard compo- 
nents are available at extremely low prices. On the software 
side, too, recourse is being had to standard applications such 
as Windows, UNIX or Motif. Despite uniform operating 
systems and standardized communication the individual 
sectors may fail to intercommunicate in every instance. To 
accomplish this the operating logics of the systems have to 
be mutually coordinated. The individual functions and data 
structures of a manufacturing control system and especially 
the dynamic, event- and situation-independent operations 
in the production have to be emulated in terms of software 
technology. An object- and event-oriented software archi- 
tecture 1s appropriate to realize this. 


For small and mid-sized manufacturing outfits, PPS systems 
frequently are not the right applied resource for streamlin- 
ing—on the one hand, for cost considerations, on the other 
hand, on account of expensive organizational requirements. 
One major advantage of small firms—flexibility—is limited 
in this instance, since the organization is adapted to the 
systems. Most BDE solutions call for a job plan or parts-list 
organization, whose preparation and master-file care are 
costly. The BISS operating, information and control system 
from Koenig & Partner is capable of simultaneously pro- 
cessing different types of orders, for example, with or 
without job plan and parts list. Therefore, job plans and 
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parts lists do not necessarily have to be realized. Order 
development begins with the acquisition of the order data 
on a PC and the output of a barcode document for the order. 
The manufacturing progress is booked “online” after each 
machining station so that the current real-status can con- 
stantly be polled. With this information the job preparer can 
intervene flexibly in the manufacturing process at any time. 
This sort of decentralized workshop control is occasionally 
adopted by larger firms. This solution also is excellent for 
fulfilling the requirements there for “lean” manufacturing. 
The system can be expanded modularly by commercial- 
sector components. Several developers of control-unit sys- 
tems offer their product as an alternative also to the PPS 
systems for smaller firms. 


6. Installations 


Because of a reduced inclination to invest over the past year, 
only a few flexible manufacturing systems were installed. 
Some are to be described here by way of examples. The 
distinctive feature of flexible manufacturing systems for 
small and mid-sized serial production is a number of 
fully-substitutable CNC machines of the same type that are 
combined into a closed system through a common, auto- 
mated supplying of tools and workpieces and integrated 
computerized control. The tools are exchanged concurrently 
with operating time via chain or cartridge magazines. The 
anticipated improvement in economicalness from the use of 
such flexible manufacturing systems is based, above al!, on 
time savings resulting from a set-up time free alternation of 
orders, increased level of machine utilization and possibly 
longer machine running time (third shift). Newly installed 
flexible manufacturing systems frequently consist of three 
substitutable machines. The substitutable machines’ design 
is also being used increasingly in large series production as 
an alternative to the transfer lines that are common there 
[26]. The trend toward less sophisticated solutions and 
greater availability and operating security is manifest. 


A flexible manufacturing system from Heidenreich & Har- 
beck consisting of three machining centers was installed at 
Hydac Technology GmbH. In the process, a machining 
center having pallet storage because of increased order 
volume was modularly expanded by two identical 
machining centers. A common parts logistics and a central 
program and tool file organization combine the three cen- 
ters into a manufacturing system. 


Also comprising three identical machining centers are the 
three flexible manufacturing systems that it was possible for 
Maho AG, which was still autonomous at that time, to sell to 
Zimmer Inc. in the U.S. The three machining centers are 
combined with rail-guided palette transport systems. The 
three flexible manufacturing systems are designed for man- 
ufacturing with minimal personnel in three-shift operation. 
Medical technology five-axis parts in a mixed order of 
average piece numbers down to individual-part manufac- 
turing are being machined. 


Yamazaki Mazak GmbH, with the Mazatrol FMS is offering 
a configuration for flexible manufacturing systems that can 
comprise from one to eight machining centers. At its own 
plant in Great Britain, Mazak manufactures parts for its 
machines on an in-house manufacturing system, photo 8. 
Here there are seven substitutable horizontal machining 
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centers connected by an overhead track for tool manage- 
ment and by a shelf operator device for palette transport. 


[Photo caption] 


Photo 8. Flexible manufacturing system with overhead track 
for tool supply and shelf operator device tor workpiece 
supply. 

Examples of newly instailed flexible manufacturing systems 
indicate that at present simple solutions are preferred. In the 
mid eighties there was still investment in highly flexible, 
fully automated operational machinery. For example. Fritz 
Werner Machine Tools AG, when reinstalling a system for 
gearhouse manufacturing dispensed with components that it 
had already installed six years earlier in another implemen- 
tation for the same tasking for the same customers. The fully 
automated workpiece feed and tool supply of the original 
installation is no longer being realized. Nor is each machine 
currently being used any longer for all manufacturing jobs. 
The machines have a strict job coordination. Simulta- 
neously. any automation either in the workpiece feed or in 
tool supply was relinquished. In this way it was possible to 
cut almost in half the costs for operating resources and 
systems components. With no protlems of acceptance in the 
workshop it was possible, immediately after being placed 
into service, for three-shift operation to be realized [26]. 


7. Utilization of Personnel 


With the introduction of lean production and other strate- 
gies. the human element is taking on greater and greater 
significance vis-a-vis manufacturing resources. The utiliza- 
tion and further development of existing “human 
resources” are viewed as critical facturs for growth and 
innovation in Germany and Europe [2: 22}. The notion that 
the human labor force is the greatest cust factor and that it 
therefore must be at the core of streamlining efforts is being 
advocated ever less frequently. Instead, the human labor 
force is being considered a resource whose utilization should 
be maximized. 


In manufacturing sectors, team work is often viewed as a 
key to success. In it, the user increasingly assumes respon- 
sibility for maintenance, service and quality assurance and 
takes the necessary action to increase job safety. Team work 
is a management tool that is applied at present for goal- 
directed integration and motivation of the employees. In 
this way the existing human potential can be utilized for 
autonomous, demand-justified planning. monitoring and 
problem-elimination. Their capability for learning, and cre- 
ativity plus their ability to solve problems cannot be 
replaced by technology either at all or only at extremely high 
cost. 


(Quality and productivity depend on employee motivation. 
This experience was the consequence of introducing com- 
puter-integrated flexible automation that originally was to 
provide for an extensive independence from personnel. But, 
in fact, flexible manufacturing systems and computer- 
integrated control systems are extremely dependent on 
appropriate personnel in their systems behavior. Depending 
on the qualification and motivation of the emplovees, 
differences of 10 percent and more in the effective use of 
such systems in terms of time can result, as a study by the 
university of Stuttgart demonstrates. The human being. 
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therefore, continues io constitute the core of productive 
activity. The study demonstrated that an appropriate 
system of rewards impacts the motivation of employees 
[26]. In this context, the identification of the personnel with 
the job plays a crucial part. 


The self-organization and the self-management of the indi- 
vidual manufacturing sectors require a management prac- 
tice that opens up leeway for action, delegates responsibility 
and promotes cooperation and communication. This kind 
of management style makes employees feel better integrated 
for the most part than an authoritarian management style 
based on elements such as discipline, power, obedience and 
that stifles creativity. Such elements are only a very rare 
management component any longer, since they are incom- 
patible with the self-understanding of most employees. An 
authoritarian corporate culture negatively impacts the cre- 
ativity and motivation of emplovees. 


The ability of being able to be personally responsible for 
allocating their job time has led, for example, at Mettler- 
Toledo GmbH to unexpectedly fine results. The employee 
absenteeism rate is Only two percent any longer. There ts 
virtually no variation. The company is currently operating 
virtually without inventory and is manufacturing to order. 
The principle of self-responsibility has been fully imple- 
mented. Through qualification measures, every employee is 
capable of replacing any other. 


At ZF Friedrichshafen AG it was possible to reduce by a 
third the throughput time of steering gears, for example, 
through the introduction of team work. The teams track 
maintenance tasking and there is speedy reaction to quality 
defects. For team development, all participants, including 
bosses and supervisors, have received training. Training in 
techniques for moderation and problem solving plus semi- 
nars on communication and cooperation pave the way for 
team work and accompany the restructuring process. 


All too often training is conceived as a cost factor to be 
controlled and minimized. When introducing new technol- 
ogies leading to structural changes, depending on the cir- 
cumstances, a considerable outlay for qualification activi- 
ties is to be expected. Not only must competence be 
acquired in subject areas and methodologies, but social 
competence too has to be acquired. Costs for this can 
constitute 20 percent or more of investments in technology. 
Qualification has to be viewed as a strategic investment in 
terms of the previously described optic. In the quest for 
smart production systems for the future we will ever more 
frequently encounter the need to utilize human knowledge 
and the experience of employees [22]. 


8. Summary 


The overlapping phenomena of economic and structural 
crises are compelling manufacturing outfits toward a com- 
prehensive optimization of existing organizational and 
manufacturing concepts. Concentration on core net-worth 
processes, decentralization of production in autonomously 
responsible segments and new forms of job organization like 
team work are the hallmarks of such changes. 


The current technological concept of machines and manu- 
facturing systems has had to be adapted to the described 
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organizational changes. In part, flexible manufacturing sys- 
tems have been considerably simplified. For example, in 
some instances the currently customary automation of tool 
or workpiece switching functions has even been done away 
with. Through a simplified basic design (low cost) and 
through modular design, machines are available with per- 
formance that can be adapted to the desires of the cus- 
tomers. One simple solution, for example, is the use of 
vertical lathes facilitating workpiece switching without 
expensive feed devices. 


The machines are increasingly designed as compact 
machines with their own rigid hooks enabling them to be 
rearranged relatively simply in any modification of the 
machines’ arrangement in the context of structural changes. 
In the meantime many machine designs take into account 
customer requirements based on the possibilities for com- 
plete machining of workpieces. In the process the applica- 
tions spectrum of individual machines is further expanded 
through the integration of lasers and measurement devices. 


In tool and form construction increasing use is made of 
high-speed machining. High-speed milling machines are 
capable in this branch of decidedly shortening typically 
lengthy machining times. The high cut and quick traverse 
speeds that can be realized can also be used to offset time 
losses from the large number of throughput milling paths in 
high-precision machining. In the view of many manufac- 
turers the high-speed and high-precision machining process 
holds considerable development potential for further appli- 
cations even outside of tool and form construction. 


Continued development of machine controls, as well as 
development of machine tools, fell under the objective of an 
improved price/performance ratio for the user. The pre- 
vious development of open controls continued last year. 
Open controls are adaptable to the respective machine and 
existing soft- and hardware environment as well as the 
requirements of the user. In this instance, however, there 
has still been no implementation of cross-manufacturer 
standardizations. In the meantime a user-friendly workshop 
Oriented program (WOP) can generally be found on newly 
developed and redeveloped controls. With it the user’s 
experience can be utilized in a targeted manner for the 
solution of the machining tasking. This is supported by a 
graphic-interactive user guide and in some cases also by use 
of “CNC handwheels” and the possibility of a graduated 
choice between manual and automated operation. New 
controls have also been developed for high-speed and high- 
precision machinings. In this context, among other things, 
the development of an integration of drive and control has 
been pursued either through digital interfaces or through 
direct motor control. 


The trends toward decentralization in the organization of 
production have led to considerable changes in the imple- 
mentation of production planning and control. Production 
control responsibilities, in particular, are increasingly inte- 
grated in the redesigned decentralized production segments 
and assumed there by manufacturing control systems. 
Besides routine control functions such as order sequencing, 
such systems have a spate of additional functions, for 
example, for problem diagnosis, for maintenance planning 
and for the simulation of machine utilization. In this way 
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manufacturing control systems support the delegation of 
responsibility to employees in the firm’s operative 
segments. 


The importance of the employee as the most important 
factor for the success of the firm was acknowledged more 
than ever before during the previous report period. An 
autonomously responsible and qualified workforce requires 
an appropriate framework. The recognition of this has been 
taken into account to an ever greater degree both in the 
organization of manufacturing and in the design of 
machines and manufacturing systems. 
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